LCA is a popular tool widely used to assess the environmental impact of waste management systems, which is illustrated by the substantial number of LCA computer models specifically addressing this subject. Due to the complex nature of waste management modelling and the range of country-specific data, as well as lack of harmonization, it has been observed that there are large discrepancies between the results using different models. Many studies have underlined the necessity of clearly identifying both the scope and methodological assumptions of LCAs in order to have confidence in the results. Therefore, the paper presented here reveals several methodology-related issues. The study tests two different pieces of LCA software, i.e. IWM-2 (designed specifically for MSW) and SimaPro (a generic and widely used LCA software). The pieces of software were used to LCA an MSW scenario and the results obtained (calculated using Ecoindicator'99 H/A) were compared to show the strengths and weaknesses of these tools, i.e., generic software usually treats the waste as a set of separate fractions, not as a whole mass, which means that the software is not highly sensitive to the composition of the waste and does not take into account the environmental impacts produced as a result of the interaction between the waste components after mixing. As waste composition is very important in planning, one study combines these two software packages to get final results, i.e., data generated by IWM-2 were entered into SimaPro. The discussion is built around a case study in Poland where waste management scenarios have been analyzed. The research carried out has shown that having the same initial inventory data collected on the basis of the same assumptions and with the same boundaries to the system model used and using the same method of LCIA to assess the impact on the environment, may not produce the same end results. In the presented study, the main differences in the LCIA results appeared in four output-related impact categories: carcinogens, climate change, ecotoxicity, and eutrophication/acidification, and for one input related impact category -fossil fuels. Four reasons responsible for these differences are identified:
Introduction
In Poland the implementation of EU requirements concerning municipal solid waste management (MSW) is a complex problem, as about 79% of waste is still landfilled [1] [2] [3] [4] . Over the last two years new legislation has been introduced (i.e. amending the Act on maintaining cleanliness and order in the municipality, updating of the Waste Management Act), and the main changes have been in force since 1 July 2013. The law assumes that each municipality is responsible for the collection and the proper treatment of municipal waste, according to the best available techniques, the achievement of EU targets concerning the reduction of mass of municipal waste going to landfill, or the increased recycling of packaging waste. These kinds of targets will be impossible to achieve without constructing and commissioning new plants in the years to come. A plant introducing new technological processes should be ecologically friendly, economically viable, and socially acceptable. The choice of which such solution to adopt should be preceded by appropriate analysis using environmental assessment tools. One kind of tool enabling a comprehensive assessment to be made of the potential impact on the environment is LCA (life cycle assessment). LCA is a process recommended in many EU documents, e.g., Directive 2008/98/EC on waste and repealing certain directives [5] [6] [7] . The popularity of the application of LCA to municipal solid waste management systems is illustrated by the substantial number of LCA computer models addressing MSW management. Most of these models have been developed independently from each other and often with features that are specific to the time and geographical conditions in which they were developed. Due to the complex nature of waste management modelling and the range of country-specific data that is required, these models have been developed in relative isolation and consequently suffer from a lack of harmonization. This has produced large discrepancies in the results obtained from different LCA models for waste management [8] . The work of Winkler and Bilitewski [9] was the first to highlight the significant differences between different LCA waste models. They prepared comparative analyses of six prominent LCA models, in which identical input data were used for landfill, incineration, and material recovery scenarios for the waste management system of Dresden, Germany. It was noted that there were very high variations in the predicted emissions. Differences of up to 1400% in the amounts predicted were identified for some of the results which led to contradictory results from the models [8] . The authors suggest that the transparency of the LCA models needs much improvement, but the identification of the specific differences between each model is not part of the research objectives of their important papers. Another review of LCAs for MSW management systems prepared by Cleary [10] shows that in 20 analyses carried out, 14 computer models were used. Most of these models are process-based, and use databases to supply multiplication factors for model parameters such as landfill gas production. The study underlines the necessity of clearly identifying both the scope and methodological assumptions of LCAs in order to have confidence in the results.
Therefore the paper presented here reveals several methodology-related issues. The study tests two different LCA software packages. IWM-2 software is used to assess the LCA of different variants and its results are compared to those from SimaPro (Eco-indicator 99 method) to show the strengths and weaknesses of these tools and the differences in the LCIA results. This analysis is based on sensitivity analysis by performing LCA calculations using two sources of inventory data: IMW-2 software (with database included) and a general LCA Ecoinvent v.2.0 database included in SimaPro software. The discussion is built around a case study in Poland (Promnik Landfill) where one specific waste management scenario has been analyzed [11] .
The following questions were the driving forces of making this comparison: are there any differences in the environmental impacts (consumption of resources, pollutant emissions) calculated by the IWM-2 software and by the SimaPro software using the Ecoinvent database [12] for the waste management scenarios analyzed? How do the potential inventory differences influence the LCIA results?
Review of LCA Software Used for MSW Management LCA is a popular tool widely used to assess the environmental impact of product life cycles, technological processes, as well as waste management systems, waste treatment and processes for disposal and recycling [13] . The evaluation of the existing situation of MSW manage-and water for landfill while Ecoinvent identified 405 types, IWM-2 identified 39 types of emissions for recycling while Ecoinvent identified 403 types) (2) The IWM-2 program did not cover emissions to the soil, while the Ecoinvent database identified 60 types of such impact for landfill and 58 for recycling (3) The IWM-2 program does not cover consumption of resources, while the Ecoinvent database covered the use of 198 kinds of raw material (including 100 different minerals and fossil fuels) (4) In each case a different total mass of emissions and resources consumed was identified in the analysis of the inventory included in both analyses.
ment from an environmental, economic and social perspective via a life cycle approach is an important first step prior to taking any decisions on the technologies to be selected, the policies to be developed and the strategies to be followed for a nation [14] . Results from a life-cycle environmental assessment can be also used to compare the relative environmental impacts of different enterprises, or help to focus efforts toward making environmental improvements to the treatment enterprises [15] . There are many examples of the software tools used to support LCA assessments. There is a general division between generic LCA programs like SimaPro, GaBi, Team, Umberto, and the applications designed specifically for use in one specific area, for example in waste treatment systems: IWM-2 (integrated waste management II), WRATE (waste resources assessment tool for the environment), EASEWASTE (environmental assessment of solid waste systems and technologies), ORWARE (organic waste research), and WISARD (waste -integrated systems for assessment of recovery and disposal). These programs are used both to evaluate existing as well as model new waste management systems. To determine their role, recent papers from the International Journal of Life Cycle Assessment; Waste Management; Resources, and Conservation and Recycling have been reviewed . These are focused on using LCA for waste management systems (with the use of tools specially developed for this purpose). It is worth mentioning that most of them were performed using EASEWASTE for those using specifically designed software, and SimaPro and Gabi for those using generic software (Fig. 1) .
Differences between the studies in the review are associated with input data, technical assumptions, technology type, inventories used, and output data. It is also observed that the different assumptions in the models are mainly related to the different times when they were developed and the associated knowledge framework (e.g. assumptions for the time horizons for landfill emissions). Further optimization of these tools to geographical conditions will have an additional impact on the results. But each of the LCA programs can demonstrate some advantages and disadvantages if assessed strictly from the waste management point of view. The generic LCA programs often include comprehensive databases, but they are not always specific for the waste treatment systems and fully suitable for national/regional conditions. Even if waste-oriented inventory data is available, this usually treats the waste as a set of separate fractions, not as a whole mass, which means that the software is not highly sensitive to the composition of the waste and does not take into account the environmental impacts generated as a result of interaction between the waste components after mixing. Another important difference between the software tools lies in the scope of the environmental impacts included in the analysis. IWM-2, for example, embraces emissions to only two compartments: air and water. In the most fully LCA-related software, a wide spectrum of air, water, and soil pollutants are included and further detailing is possible within several outputand input-related impact categories (e.g. respiratory effects, ozone layer depletion, acidification, eutrophication, nonrenewable energy). As a result of an international project (LCA-IWM), IWM-2 has been adopted following the LCA methodology and thanks to it, a "new" LCA-IWM software has gained some additional functionality like performing detailed descriptions within a few impact categories by using the following six characterization factors: abiotic depletion potential (ADP), global warming potential (GWP), photochemical ozone creation potential (POCP), acidification potential (AP), eutrophication potential (EP), and human toxicity potential (HTP) [42] . LCA-IWM therefore has a binary specificity: on the one hand it remains a purely waste-oriented application and on the other it gains an ability to perform impact assessment in accordance with state-of-the-art LCA procedures. However LCA-IWM includes a default set of midpoint characterization factors and it does not allow one to select other life cycle impact assessment approaches. Typical LCA programs usually include many LCIA methods, which make it possible to apply a sensitivity analysis and enable the person carrying out the LCA to make a choice between various approaches to impact modelling.
Study
The aim of our study is to assess the environmental impact of the municipal waste management process carried out at the Promnik landfill in Poland under different scenarios to monitor their environmental effects. The IWM-2 and SimaPro software packages were used. In order to make the comparison, two LCA analyses were performed:
• LCA1 -the first analysis was based on primary input data concerning the main characteristics of the waste disposal system (manual sorting process for the recycling of secondary raw materials). The input information relating to the morphological composition of the municipal waste was entered in the IWM-2 software (part 1). On the basis of the data entered, the software calculated the emissions from the landfill. The calculations include the total emissions from the landfill and landfill gas to cover the entire "life" of the plant and issues with the waste disposal plant related to recycling, as well as the emissions avoided by this treatment.
Life Cycle Assessment of Municipal... 127 The data generated by IWM-2 (treated as elementary flows) were supplemented by additional primary inventory data relating to land use (treated as an input from nature) and the materials and energy consumption (treated as exchanges with the technosphere). Both kinds of data were then entered in the SimaPro software and used in LCIA calculations made using the Ecoindicator'99 H/A v.2.06 method (Part 2, Fig. 2 ).
• LCA2 -in the second analysis all primary data taken from the municipal waste landfill were entered in SimaPro 7. The boundaries of the system are limited to the landfill site (i.e. sorting waste from separate collection and landfilling municipal mixed waste, recycling material recovered from separate collection, production of energy from recovered biogas). The scope of the analysis is from gate to grave/reincarnation. The following direct environmental impacts are identified in relation to the landfill site and treatment processes: land transformation and occupation, emissions from the landfill of mixed municipal waste, emissions from the production of energy from biogas, emissions from the use of diesel on the landfill site and emissions associated with recycling processes. Secondary (indirect) environmental impacts include the following issues: emissions related to the production of energy bought from the grid for operating the landfill operation (average energy from the grid in Poland) and the emissions associated with the landfill infrastructure (including the system of biogas production). The collection and transportation of waste was excluded from the analysis.
Functional Unit
A functional unit of the system is defined as an annual amount (Mg) of municipal waste treated by the Waste Management Company in Promnik, which is estimated at 72,448.6 Mg.
Inventory Data
LCA analysis for the municipal waste landfill in Promnik was conducted using data provided by the Waste Management Company in Kielce. Tables 1-3 present the numbers used in LCA1 and refer to a functional unit. Table  1 shows the information used as input data to IWM-2 (Part 1) while Table 2 presents the emissions calculated by IWM-2 and supplementary information relating to land area, the material and energy consumption and energy production from biogas were entered in SimaPro 7.1.8 (Part 2). Table  4 sis (LCA2), and also refers to a functional unit. Tables 2 and  4 present data divided into four groups:
LIFE CYCLE IMPACT ASSESSMENT (SIMAPRO, ECOINDICATOR'99 H/A)
• Energy production from biogas • Servicing of landfill • Landfill of waste • Recycling of the waste fractions coming from separate collections In the case of LCA2, in order to avoid double counting of impacts, the inventory information relating to landfill maintenance and land use was removed from the original Ecoinvent 2.0 inventory tables and primary data presented in Tables 2 and 3 as servicing of landfill has been substituted. In both cases the same functional unit was used and referred to 72,448.6 Mg of waste collected yearly on the area analyzed, of which 99.5% (72,072.7 Mg) was landfilled and 0.5% (375.9 Mg) was collected separately and destined for recycling.
An Environmental Impact Assessment for Promnik Landfill
Life Cycle Impact Assessment (LCIA) Results ·year) and the surplus energy MJ. The results for 11 impact categories are available in Ecoindicator'99: carcinogens, respiratory effects (organic and inorganic), climate changes, ozone layer depletion, ionizing radiation, ecotoxicity, land use, eutrophication/acidification, minerals, and fossil fuels. Analyses carried out as LCA1 and LCA2 gave slightly different answers to the question, which concerns the environmental impact associated with the management of municipal waste in Promnik Landfill. In the first case (LCA1) the environmental impacts of the landfill and recycling processes were calculated using IWM-2 software, in the second (LCA2) they come from the Ecoinvent v.2.0 database. The cumulative results of the eco-indicators obtained for both analyses are presented in Fig. 4 . The first major difference is the potential impact on the environment expressed by the size of the bars on the figures. It is clear that the result obtained for LCA2 is much higher (858,415 Pt) than the result of LCA1 (95,601 Pt). The overall potential environmental impact calculated on the basis of the data from the Ecoinvent v. 2.0 database is almost nine times higher than the impact calculated on the basis of the input from the IWM-2 data for storage and recycling. In both analyses, positive impacts were obtained for the energy production from biogas (-196,486 Pt), but in LCA1 it is also recorded for recycling (-11,769 Pt). A negative impact on the environment occurred in the operation of the landfill (100,788 Pt) and landfill itself (LCA1 = 203,069 Pt, LCA2 = 943,092 Pt). Table 4 presents the cumulative value of eco-indicators divided into three damage categories: human health, ecosystem quality, and resources. Analysis of the results presented in Table 4 indicates the following: • For each damage category, the result for LCA2 is less "environmentally friendly" • The difference in the results is particularly evident in the case of human health, for which the result for LCA2 was 812,916 Pt, which is more than six times higher than the result for LCA1 (124,442 Pt) • For ecosystem quality the difference between the results is 36,269 Pt and the potential impact calculated for LCA2 is almost 10 times higher (LCA1 = 4,107 Pt, LCA2 = 40,376 Pt) • For resources there is an environmental benefit in LCA1 amounting to -32,948 Pt, while for LCA2 the indicator result is positive and amounts to 5,123 Pt. Table 5 shows characterized LCIA results for the impact category in each of the damage categories. There is a difference in the potential impact results for the indicator calculated for carcinogens. For LCA2 this result was 31.67 DALY and pointed to a negative impact, while for LCA1 the final balance of impact for carcinogens pointed to an environmental benefit of -0.98 DALY. Table 5 also shows that there are two impact categories belonging to human health in which the results of the indicators for LCA2 were better than for LCA1: respiratory disorders resulting from the emission of organic compounds and climate change.
Different results were also obtained with regard to the impact category belonging to ecosystem quality ( Table 6 ). The difference is particularly evident for ecotoxicity, where the outcome indicator for LCA2 is more than 75 times higher than for LCA1. In the case of acidification/eutrophication, LCA1 indicates environmental benefit, while in LCA2 there was a positive result (negative impact on the environment).
A relatively small difference was obtained for minerals as an impact category belonging to the use of resources (Table 7) . Both cases show benefits for the environment, but lower than for LCA2.
For fossil fuels, the difference in the results obtained is much clearer. The impact category indicator result for LCA1 is six times higher than the value obtained for LCA2. Finally the LCA1 scenario generated a positive impact, while the LCA2 case impacted negatively on the environment.
Analysis of the LCIA Results
Different results relating to environmental impact were obtained in the analyses carried out for the same functional unit and given data. In order to find out why this happened, it is necessary to look deeper into the specific char- acteristics of the software and databases. The differentiating factor for these two studies could not be the methodology for calculation of the potential impact on the environment, because the same method Ecoindictor'99 H/A v. 2.06 was used in both cases. Therefore, one must suspect that the cause of these discrepancies was the different inventory data and the various assumptions adopted for their calculation.
In order to illustrate the potential reasons for the differences in results, Tables 8 and 9 present the following information:
• The number of substances included in the inventory analysis (LCI) as emissions to the three environmental compartments (air, water, and soil) and as the consumption of raw materials (with an indication of how many of them generate a negative impact on the environment Table 3 . The inventory data used as inputs in the calculations made in SimaPro (LCA2).
Source: Primary data taken from the Municipal Waste Management Company in Kielce = positive indicator "+" and how many an environmental benefit = negative indicator "-") • The total weight included in the analyses of emissions and raw materials consumed -the values reported are the result of the addition of emissions and the raw materials and are expressed in units of mass (with the exception of radioactive and energy emissions and land surface). A negative result means that the emissions or the raw materials in the framework of the so-called avoided products exceeded in value the emissions and consumption of resources • The number of substances included in the LCIA as emissions to the three environmental compartments (air, water, and soil) and the consumption of raw materials • Potential environmental impacts caused by all emissions and raw materials As shown in the section Life Cycle Impact Assessment (LCIA) Results, the main difference in the results obtained from the LCIA appeared in four impact categories relating to emissions: carcinogens, climate change, ecotoxicity, and eutrophication/acidification, and for one input-related impact category -fossil fuels. Tables 8 and 9 The issue of different quantities of inventory data contained in the Ecoinvent v.2.0 databases and databases belonging to the IWM-2 is also linked to the issue of recycling. In both cases, the procedure for recycling was based on the same idea of compiling environmental impacts and related impacts from the avoided use of products (which often prevent the use of raw materials which would otherwise be necessary) with environmental impacts associated with the use of recycled materials and recycling processes. Avoided products generate an environmental benefit (a negative indicator), and the second elements lead to negative environmental impacts (a positive indicator). The sign and value of the final outcome of an environmental indicator therefore depend on the relationship between these two areas. Table 8 shows that in the analysis of the inventory for the landfill program IWM-2 identified 12 substances emitted to the air with a total weight of 5,169,835.14 kg, which were all emissions generating a positive indicator ("+"), so leading to a potential negative impact on the environment. For the same process, the SimaPro software, based on the Ecoinvent v.2.0 database, showed 231 substances emitted to the air, of which 223 were emissions with a positive value and 8 with a negative value of the indicator. The result of the mass emissions to the air equal to 8,722,201.53 kg is the effect of the addition to the positive and negative values, which means that the value of the emissions to the air of 223 substances adversely affecting the environment massively outweighed the 8 substances that lead to environmental benefits. In the case of a landfill, environmental benefits were estimated for the use of waste concrete in place of gravel (which was treated as an avoided product). Due to the fact that there are parameters developed for characterizing a limited number of elementary streams (emissions and inputs to/from the environment) in the LCIA methods available, in practice not all the inventory results are assessed in field of impact on the environment. In Tables  8 and 9 this problem is illustrated in the first and third lines within each category of emissions. For example, in LCA1 for landfill, 12 substances are identified as being emitted into the air, of which only 9 were from the LCIA analysis. In the case of LCA2 in the Ecoindicator'99 H/A method, characterization parameters were present for 130 of the 231 air emissions identified. These limits could also have an impact on the range of results. Table 8 shows that in the case of landfill, the Ecoinvent database v.2.0 identified many more emissions to water and soil as well as types of consumption of resources than IWM-2, which directly leads to higher environmental performance. Exceptions include some air emissions; despite the fact that in the LCIA analysis of LCA1 only 9 emissions were taken into account, they caused a much higher score for the environmental indicator.
There are two explanations for this state of affairs. The first is the taking into account of the avoided consumption of gravel as an avoided product in LCA2, which resulted in 73 types of emissions to the air with a negative sign and their value decreased the result of a positive indicator. A second possibility is that the LCA1 emissions included have greater environmental significance (higher values of indicators for environmental hazard). Further analysis shows that both of these situations overlapped with one another in the studies carried out and reinforce each other's performance.
The recycling results require additional comment (Table  9 ). In the case of the emissions to air and water, SimaPro and IWM-2 not only calculated different amounts of substances emitted, but also the final results have a different sign. This is a result of the variations in the proportion of aspects generating a positive and negative impact on the environment. In the case of LCA1 the positive elements predominated, and in LCA2 glass recycling processes generate greater negative impact than the benefit to the environment due to the avoided use of virgin glass-forming raw materials. To further illustrate the source of the differences in the results, a detailed analysis was carried out for the impact of the carcinogens category, for which the LCIA achieved significantly different results. In the Ecoindicator'99 H/A method elementary streams initiating the impact in carcinogens are emissions to air, water, and soil. Table 10 presents the share of each emissions sector in the creation of carcinogen impact in the landfill process.
In the LCA1 study, only cadmium was recognized as a carcinogenic emission to the air at a level of 0.038 kg (Tables 2 and 10 ), which has a negative impact on the environment at a level of 133.6 Pt (0.00513 DALY). In the LCA2 study, up to 25 substances were recognized as carcinogenic emissions to the air, 24 of which were "negative" emissions (positive environmental indicator), and one a "positive" (negative environmental indicator) with a total mass equal to 33.6 kg (positive emissions subtracted from negative). Despite the recognition of 24 times more cancercausing emissions, the cumulative result for the environmental indicator for emissions to air was comparable in LCA2 and LCA1. The reasons for the different results for carcinogens should therefore be traced to differences in the environmental impact of each emission. The LCA2 for a landfill of 72,072.7 tons using SimaPro based on the Ecoinvent database showed the existence of four main sources of negative impacts such as emissions of cadmium (0.018 kg), particulates <2.5 (168.6 kg), arsenic (0.03 g), and dioxins in terms of 2,3,7,8-tetra-dioxin (1.03 mg), which generate an impact equal to 65.5 Pt for cadmium, 42.9 Pt for particulates (<2.5), 17.4 Pt for arsenic, and 4.82 Pt for dioxins. The other 21 emissions to the air classified as carcinogenic had little environmental significance. What is more, IWM-2, whose impact was limited solely to cadmium emissions but in a significant quantity equal to 0.038 kg, showed a comparable outcome indicator (Pt 133.6) to all the emissions included in the LCA2 (134.3 Pt).
In the case of carcinogenic emissions to water and soil, the relationship seems to be more obvious. The Ecoinvent database contains much more of this type of impact from the database contained in IWM-2, which in turn gave a much higher environmental performance. The main sources of carcinogens were the processes of landfilling plastics and bio-waste in anaerobic decomposition. Emissions of cadmium and arsenic in water (LCA1, LCA2) and soil (LCA2) contributed almost 100% of the negative impact.
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Kulczycka J., et al. Similar relationships can be applied to other impact categories such as ecotoxicity, acidification/eutrophication, or minerals.
Discussion
The research carried out has shown that having the same initial inventory data collected on the basis of the same assumptions and the same boundaries for the system modelled and using the same method of LCIA to assess the impact on the environment, may not produce the same end results. Due to the fact that the LCA analysis can be conducted in differently defined scope (from cradle to grave or cradle-to-gate or gate-to-grave), that is usually with a lesser or greater extent, the specific data collected must be supplemented with secondary data retrieved from the database. Its quantity and quality may have an important impact on the final results. There are some particularly important issues from the point of view of final waste management such as the time horizon for modelling the impact, the taking into account of the infrastructure, and avoided products. In the case of the databases included in IWM-2, emissions to air and water from the landfill were calculated over a 40-year time horizon, while the Ecoinvent v.2.0 database used includes emissions over 100 years, and emissions to groundwater were modelled over the long term [12] . So, it must be emphasized that the IWM-2 base calculated significantly higher emissions of cadmium into the air for landfill than was the case with SimaPro based on Ecoinvent data. Another important element of environmental impact is the taking into account of the provision of infrastructure facilities and waste management processes. It can be assumed that if the inventory database takes infrastructure issues which provide a relatively solid background for the results, more into account, this may reduce the sensitivity of the results to change in other system components such as the morphological composition of the waste. Because the Ecoinvent database contains more information related to infrastructure, it can be treated as one of the possible causes of the lower sensitivity of the results to change in waste composition compared to IWM-2. The end processes in waste management are inextricably linked to re-use, recycling, and energy recovery. The understanding of these processes and the way they are treated in the inventory tables plays an important role. The consequence of including this type of process is usually the treatment of those elements of the inventory corresponding to them and the results of the environmental assessment as the avoidance of negative impacts, which means that some of the results of the LCI and LCIA have a negative value. This may pose some difficulties in interpretation, because it is worth following closely what has a positive impact and what has a negative impact in the individual unit processes. In the systems analyzed there were three key elements responsible for creating environmental benefits: recycling processes (avoiding the need to use raw materials), production of energy from biogas (avoiding the need to use electricity and heat based on non-renewable energy sources from the centralized energy system) and the use of waste concrete (to avoid the need to use gravel). As shown by the analyses, different environmental benefits were calculated in the LCA1 and LCA2 studies, and to varying degrees this affected the final results.
Conclusions
Use of environmental impact assessment software and databases specific to the area being analyzed seems, in theory, to guarantee obtaining more accurate and reliable results. In the case of the LCA, taking into account the entire life cycle of products and using large amounts of data, the quality and quantity of inventory information is of particular importance. In the case of the analyses carried out, IWM-2 software -specific software for waste management -showed greater sensitivity to morphological change in the composition of waste, which on the one hand can be explained by the possession of information on the mass of mixed waste as a whole, not just as a collection of fractions, and on the other hand to holding poorer data related to, e.g., infrastructure issues. The weaker element of the IWM-2 package turned out to be the old database (ETSU 1992 , 1993 , IPCC 1994 , 1996 , Buwal 250/II 1998), in contrast to the rich and constantly updated Ecoinvent database. Both the programs used (IWM-2 and SimaPro) calculated significantly different results relating to the number and amount of emissions and the consumption of resources, and demonstrated the environmental benefits related to recycling of waste in different ways. The IWM-2 program identified a total of 31 types of emissions to air and water for landfill while Ecoinvent identified 405 types and IWM-2 identified 39 types of emissions for recycling while Ecoinvent identified 403 types. The IWM-2 program did not cover emissions to the soil, while the Ecoinvent database identified 60 types of such impact for landfill and 58 for recycling. The IWM-2 program does not cover consumption of resources, while the Ecoinvent database covered the use of 198 kinds of raw materials. The final conclusion reached on the basis of the analyses may be that the choice of the calculation software (including the specific database and set of specific methods to assess the impact on the environment) used to assess the environmental impact of waste management systems is an important issue and that the information contained there should be the subject of regular updating and verification. When using LCA it is important to make a conscious choice of the databases and LCIA methods to be used with knowledge of the consequences of those decisions in the first and second phases of the LCA.
